Precise measurements of the lifetimes of the weakly decaying charm mesons are useful for understanding the contributions of various weak decay mechanisms. Despite the fact that they are all tied to the charm quark decay, the decays of the ground-state charm mesons can have di erent contributions from the four rst-order processes (two spectator, W-annihilation, and W-exchange), and the lifetimes are, in fact, quite di decay vertices with charge of 1 were selected. All decay tracks were required to travel through at least one magnet and be of good quality. Decay vertices were required to be located outside the target foils, and the signi cance of spatial separation from the primary vertex in the beam direction, z= z , where z is the error on the separation, was required to be at least 11. The component of the D momentum perpendicular to the line joining the primary and secondary vertices was required to be less than 0.35 GeV/c. The transverse impact parameter of the D momentum with respect to the primary vertex was required to be less than 55 m. Decay tracks were required to pass closer to the secondary vertex than to the primary vertex, and the sum of the squares of their momenta perpendicular to the D direction was required to be larger than 0.3 (GeV/c) 2 . The candidates in the decay mode with ! K + K ?
were also required to have M(K + K ? ) within 10 MeV/c 2 of the mass.
For the decay D + ! K ? + + , the kaon was identi ed on the basis of charge alone and no Cerenkov identi cation cuts were needed. For the two same-sign tracks in the decay D s ! , the track with the highest Cerenkov probability was assumed to be the kaon and the other track the pion. No further Cerenkov identi cation cuts were applied, given the mass selection criteria.
The longitudinal and transverse position resolutions for the primary vertex were 350 m and 6 m, respectively. The mean momentum of selected D + and D s mesons was 70 GeV/c. For the decay vertices of these mesons, the transverse resolution was about 9 m, nearly independent of the momentum, and the longitudinal resolution was about 360 m at 70 GeV/c and worsened by 30 m for every 10 GeV/c increase in momentum.
To eliminate any possible background due to re ections from D + ! K ? + + with a pion misidenti ed as a kaon, which appear under and near the D s signal in the mass plot, we excluded all candidate events with M(K ? + + ) within 30 MeV/c 2 of the D + mass. The mass distributions for all candidates that survived our selection criteria are shown in Fig. 1 . The higher mass peak corresponds to D s ! while the lower peak corresponds to the singly Cabibbo-suppressed (SCS) decay D + ! + . The mass distribution before D + ! K ? + + background subtraction is shown in Fig. 1(a) , with candidates consistent with D + ! K ? + + background shown as the hatched region. The mass distribution after the re ection subtraction is shown in Fig. 1(b) . The hatched region in Fig. 1 (a) appears to be due to a small D s signal and a linear background that turns on around 1.95 GeV/c 2 . The background in Fig. 1(b) is therefore modeled as a piecewise linear function with a discontinuity xed at 1.95 GeV/c 2 . We have studied the sensitivity of our measured lifetime to the position of this discontinuity and have found very little e ect. We have included a small systematic error in our total error to account for the change in lifetime when the location of this discontinuity is varied from 1.95 to 1.99 GeV/c 2 .
To extract the D s lifetime we performed a simultaneous unbinned maximumlikelihood t to the distribution of mass and reduced proper decay time (t R ) of all candidates that pass the selection criteria. The t R is de ned as
where L is the distance between the secondary and primary vertices, and L min is the minimum L value allowed by the cut on the separation between the secondary and primary vertices for this event. We t events in the ranges 1:75 < M( ) < 2:05 GeV/c 2 and 0:0 < t R < 4:0 ps. From the t we also 
We We prefer to determine the functions f D (t R i ), f D +(t R i ) and f Ds (t R i ), from data and the ratios of e ciencies from MC to reduce our dependency on MC. Most uncertainties that arise from MC simulation should cancel in the ratios and, as a systematic check, we also measure the D s lifetime using the functions f D +(t R i ) and f Ds (t R i ) derived only from MC. We use the same cuts for the and K ? + + data samples in order to minimize any bias in the e ciency ratios due to the selection criteria.
The background in the t R distribution is parameterized as a sum of two ex-ponential functions with lifetimes of BG 1 and BG 2 , and a relative coe cient C. The parameters were determined from the t R distribution for the D s sidebands. As a systematic check they were also allowed to oat in the unbinned maximum-likelihood t, with no signi cant e ect on the measured D s lifetime; a small systematic error is included in our total error to account for this e ect.
The projections of the data and the best t function from the unbinned maximum-likelihood t on the M( ) and t R distributions for all events that pass the selection criteria are shown in Figs. 2 and 3(a) , respectively. For the subset of events within 25 MeV/c 2 of the D s mass, the projections of these t results on the t R distribution, scaled for the new mass range, are shown in Fig. 3(b) . This illustrates that our t describes the data well for events in a narrow window around the D s signal where the background is Since ratios of MC e ciencies are used in the t, most systematic errors cancel in the nal D s lifetime measurement. However, some uncertainties remain. The sources of these are summarized in Table 2 , and quantitative estimates of the errors are listed. In general, the estimates come from re-tting after varying data selection criteria, parameters, and mass or t R regions used. The total systematic error comes from adding the contributions in quadrature.
Other checks were performed such as tting to only a portion of the t R range, which would check our e ciency functions across the t R range considered, and measuring the lifetime of the D + s and D ? s separately. Variations in results were found to be small compared to the statistical error. Uncertainties due to target absorption and scattering of charm secondaries are expected to be small due to the thinness of the target foils and the requirement that decay vertices be located outside the target foils. In addition, since we use the D + ! K ? + + data to correct for e ciency, any such e ects should be accounted for.
Finally, as a test of our tting procedure, we tted our K ? + + data to measure the D + lifetime using an unbinned maximum-likelihood t similar to that used to t the data. showing signi cantly di erent lifetimes for the D s and D 0 . This result may be used to constrain the contributions of various decay mechanisms to charm decay and further re ne our quantitative understanding of the hierarchy of charm particle lifetimes. 
